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Response to Reviewer #3

“Tracing terrestrial ecosystem water fluxes using hydrogen and oxygen stable isotopes:
challenges and opportunities from an interdisciplinary perspective”, by D. Penna et al.

We thank Dr. Renee Brooks for her suggestions, corrections, and recommendations
on our manuscript that have helped us to improve the paper. The reviewer’s comments
are reproduced in their entirety and the authors’ responses are given directly afterward.

[Comment 1] I read with great interest the commentary by Penna et al., as I wished
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I could have attended the meeting and was very interested in the discussions that
ensued. Overall, I think this commentary will be a valuable summary of where we are in
using water isotopes to partition stream-soil-plant interactions, and potential directions
for the future. However, I feel that the urgent challenges outline here are often very
vague in details, and ignore some work that has been published, giving the impression
that we know a lot less than we actually do know. I think the impact would be much
stronger if the authors gave more examples of the type of research they are suggesting
to help readers, and I provide some specific comments below on that. The authors also
mischaracterize other studies or neglect some key pieces of work. These points can be
easily addressed by the authors, and the result will be a valuable reflection on where
we are in this field of research. Please see below for specific details.

[Response] We thank the reviewer for highlighting the strong points and, at the same
time, for outlining the weak points of our commentary, as well as for suggesting other
key literature studies that were missing. Please, see the response to the specific com-
ments below for the details on how we will modify the manuscript to take these indica-
tions into account.

[Comment 2] First, since the audience of Biogeosciences Discussions is much broader
than terrestrial ecology and critical zone studies, I think the title needs to read “Tracing
terrestrial ecosystem water fluxes: : :”. This commentary does not touch on the broad
work of isotopic tracing within aquatic ecosystems. For the same reason, I think the
authors should include a phrase that quickly defines critical zone, for those not working
in the critical zone. Also, on P2, line 20, specify terrestrial ecosystems.

[Response] We agree with this suggestion, and we will change the title and the defi-
nition of ecosystems as recommended. The traditional definition of the critical zone is
given at the very beginning of Section 1.

[Comment 3] P2, L25: In mentioning advancements in isotope-based tools and meth-
ods, you should mention Sprenger et al. (2015) for an excellent summary.
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[Response] Yes, we will.

[Comment 4] P3, L13: You should probably include Gat (1996).

[Response] Yes, we will.

[Comment 5] P3, L21: You should probably include Allen et al. (2017) when discussing
evaporation from plant canopies.

[Response] That paper is cited elsewhere in the manuscript but it certainly fits here as
well. We will add it.

[Comment 6] P4, L5-7: When discussing the isotopic enrichment of heavy isotopes
with leaf transpiration, the sentence on H and O exchange between CO2 and H2O is
really out of place. H does not exchange with CO2, only oxygen, and the amount of
oxygen in water is so vast that the oxygen in CO2 does not really impact the water
isotopic signature, and the authors don’t provide a citation for their statement. Instead,
well published processes such as the Péclet effect, and non-steady state processes
are not even mentioned. There is a huge literature base on leaf water isotopes, but
these sentences make it seem like a neglected area. See for example (Kahmen et al.,
2008; Kahmen et al., 2009; Cernusak et al., 2016)

[Response] We thank the reviewer for noticing this issue. Mentioning and explaining,
even shortly, processes such as H and O exchange, Péclet effect, and non-steady
state processes would require too much space and would be out of the scope of this
commentary. So, we prefer to remove the sentence that was out of place.

[Comment 7] P4 L14-19: if you are going to compare IRMS and the laser techniques
for measuring water, you should include the latest IAEA interlaboratory comparison of
water isotopic measures using both techniques (Wassenaar et al., 2018). They have
a very interesting figure showing the problem with organics in water isotope analysis.
This illustrates that even with this software, the problem is far from solved.

[Response] We were aware of the WICO2018 intercomparison test, and of the pub-
C3

lished results. We will add this reference to report that the organic contamination on
water isotopic measurements is still an unsolved problem.

[Comment 8] P4 Last line: include “terrestrial” before “ecosystems”.

[Response] We will.

[Comment 9] P5 L2: “How do plants select their water source?”. This phrasing makes it
seem like plants are consciously choosing their water sources. This section also seems
to discount the vast literature by plant physiologist on plant water uptake through water
potential gradients, and soil-plant continuum conceptual model. I don’t believe any of
the work with stable isotopes has refuted or made us question this conceptual model.
See (Jackson et al., 2000). That said, while we know a lot about plant water uptake,
I agree there are nuances we don’t understand that the isotopic work has brought to
light.

[Response] We will reformulate this question to eliminate any possible confusion about
the consciousness of plants in selecting water sources. We will also make it clear that,
in this section, we do not intend to discuss the physical mechanisms that drive water
from the soil, to the plant, and to the atmosphere. We are aware of the suggested
paper (Jackson et al., 2000) and of the vast knowledge already at our disposal on this
topic but we believe that discussing or summarizing these findings goes beyond the
aim of this commentary.

[Comment 10] P5 L11: Please remove Brooks et al. 2010 from the reference list here
referring to differences between plant and soil water. Brooks et al. (2010) focused
on how soil water, particularly depleted soils at depth could be isotopically different
from stream water, and that bulk soil water was different from lysimeter water collected
at the same depth. The isotopic depletion found at depth could not be explained by
evaporative processes.

[Response] We completely agree and apologize to the reviewer for having misinter-
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preted the data of this benchmark work. As replied to the first comment of Reviewer 2,
we will substantially modify the sentence so to correct this relevant point.

[Comment 11] P5 L24: I think the most appropriate reference for pore water extraction
would be Sprenger et al. 2015. I don’t recall McCutcheon et al. (2017) going into this
issue, and I can’t find it with a quick recheck of the paper.

[Response] We agree and will replace the reference with the suggested one.

[Comment 12] P6 L3: Meinzer et al. (2006) showed it could take months.

[Response] Thanks, we will add this.

[Comment 13] P6, L16-19: I would say that other papers prior to this put forward these
ideas.

[Response] We will reformulate the sentence and add references that showed first
evidences of these ideas.

[Comment 14] P7, L16: You really need to include the work of Gabe Bowen when
discussion spatial variation of precipitation isotopes, and any other spatial variation in
water isotopes. See (Bowen & Revenaugh, 2003; Bowen, 2008).

[Response] True. We will include these references. We will also include a reference to
Bowen and Good (2015) and to the isosocape concept in the revised Section 3.2.

[Comment 15] P8 L4: Is this 2019 reference a typo?

[Response] No, it is not a typo. That paper is available online but it will appear in a
special issue that will be published in 2019. As reported by the journal, the publication
year of this article is 2019.

[Comment 16] P8 L11: You should include the work of Christine Stumpp here (Stumpp
et al., 2007; Stumpp & Maloszewski, 2010).

[Response] We will consider these as well as other appropriate references here.
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[Comment 17] When addressing heterogeneity within soil water, you gloss over general
patterns we do see somewhat consistently. For example, that bound water shows more
evaporative effects than lysimeter water collected at the same depth, and that bulk soil
water isotopes generally decrease increasing soil depth. I think the section would be
stronger if you did talk about these patterns.

[Response] We will add a new paragraph in this section discussing these patterns and
citing relevant recent studies.

[Comment 18] P9, L5-6: I think saying “many trees have branches that are plumbed to
specific roots” is misleading here. While not with isotopes, xylem transport with dyes
and other tracers has been studied for a long time, and mostly mixing does occur, al-
though not completely around the circumference, and it varies with xylem anatomy. For
example, see Ellmore et al. (2006). Don’t just highlight the extreme end of segmenta-
tion within plants, it’s a continuum. It’s likely only isotopically relevant for lateral vs tap
roots.

[Response] We will modify the sentence to avoid misleading information.

[Comment 19] P9 L9-10: Again, when talking about the spatial and temporal variation
in leaf water fractionation processes, you state “this heterogeneity is often neglected..”
but this variation has been the subject of many many studies. See my comment above,
and many other leaf water papers out there including Helliker & Ehleringer (2002).

[Response] We will modify the sentence as follows: “These fractionation effects are
spatio-temporally variable (see, for instance, Helliker and Ehleringer, 2002), although
possibly masked by wood and other tissues that might act as temporal and spatial
integrators of heterogeneous processes in leaves (Gessler et al., 2014; Singer et al.,
2014).”

Helliker BR, Ehleringer JR.: Grass blades as tree rings: environmentally induced
changes in the oxygen isotope ratio of cellulose along the length of grass blades. New
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Phytologist 155: 417-424, 2002.

Gessler, A., Ferrio, J. P., Hommel, R., Treydte, K., Werner, R. A. and Monson, R. K.:
Stable isotopes in tree rings: towards a mechanistic understanding of isotope fraction-
ation and mixing processes from the leaves to the wood, Tree Physiol., 34(8), 796–818,
doi:10.1093/treephys/tpu040, 2014.

Singer, M. B., Sargeant, C. I., Piégay, H., Riquier, J., Wilson, R. J. S., and Evans,
C. M.: Floodplain ecohydrology: Climatic, anthropogenic, and local physical controls
on partitioning of water sources to riparian trees, Water Resour Res, 50, 4490–4513,
doi:10.1002/2014WR015581, 2014

[Comment 20] P9, L17-21: Please include more examples of work that reflects this
across spatial scale work. For example, Sprenger et al. (2018) looked at the isotopic
difference in lysimeter (mobile) and bulk water across a range of ecosystems. Brooks
et al (2010) looked at 34 sites within one catchment to examine the spatial variation in
soil water isotopes, but found depth explained more variation than location within the
watershed such as ridge top vs riparian.

[Response] In the revised manuscript, we will include five additional examples from
recent (2016-2018) studies on this topic.

[Comment 21] P9 L26-P10 L14: Please give examples here as to what you mean. I
did not find figure 2 very helpful for these vague paragraphs. What you really mean
here is what how good is the isotopic signal to noise ratio for the samples you are
measuring. The signal is the variation across the scale of interest such as variance
between sources. The noise is the variance of repeated sampling of what is considered
the same pool, such as xylem of multiple trees considered to be part of the same group.
The signal should be multiple times greater than the noise. Experimental designs need
to determine these variances. Variances generally decrease when samples integrate
over larger space or time, but that is true for both the signal and the noise. Figure 2
kind of gets at that, but I felt it was confusing and not well explained.
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[Response] Thank you for this useful suggestion that we will integrate in the revised
explanation of this concept. We will also try to give some practical examples to allow
the reader to better understand our message. Finally, Fig. 2 will be removed from the
revised manuscript. Please, see our response to comment 33 by Reviewer 1 in this
regard.

[Comment 22] P10, L23-30: I would also point out what Newberry et al. (2017) found
about using oven dried soils, and our general method of testing the extraction protocol.
I think it’s important to highlight here. Also include Sprenger et al. (2015) review on
pore water methodology.

[Response] We will change the statement accordingly.

[Comment 23] P11, L4-18: These are very good points.

[Response] Thanks!

[Comment 24] P11, L20-24: I agree this would be an exciting area to see researched in
more detail. I think it would help readers if you gave a specific example of a physiolog-
ical or ecohydrological process you would envision being aided by these techniques.
Concrete examples help readers fully understand. Maybe expand on a labeling study,
and explain how more high-resolution monitoring would have aided to more insights.

[Response] We will expand the section giving examples of processes we think will
benefit from high-resolution monitoring and/or labeling experiments.

[Comment 25] P12, L5-20: Again while a very important point, this paragraph is vague,
and would be aided by more concrete examples.

[Response] Also following the suggestions of the two other reviewers, we will add ex-
amples to make this paragraph more specific.

[Comment 26] P12, L21-29: I would go further here and say that studies need to do
a better job of quantifying the variance within and between pools by duplicating every
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10th or 20th sample. If your 10th sample is soil at 10 cm, collect two in the field,
relatively near each other depending on study objectives.

[Response] We will add a sentence indicating that.

[Comment 27] P13 L14: Change to “natural and anthropogenic terrestrial environ-
ments.

[Response] We will do it.
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